ABSTRACT. Objective. To investigate the association between contacts with other children and the development of respiratory infections in the first year of life in children with or without genetic predisposition for allergy.
R espiratory infections in infancy are common and account for considerable morbidity, doctor visits, hospital admissions, and health care costs. 1, 2 Various risk factors for upper respiratory tract infections (URTI) and lower respiratory tract infections (LRTI) in children have been identified, such as child care attendance, having older siblings, exposure to environmental tobacco smoke, young motherhood, low socioeconomic status, male gender, premature birth, low birth weight, born in the winter, and formula feeding. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Although a parental history of allergic disease is thought to be associated with an increased risk of upper and lower respiratory symptoms, 16, 17 few studies have addressed this issue in relation to the URTI and LRTI in early life. 3 The Prevention and Incidence of Asthma and Mite Allergy (PIAMA) Study is a combined effort of the University of Utrecht, the Sophia Children's Hospital Rotterdam, the Beatrix Children's Hospital of University Hospital Groningen, the Central Laboratory of the Red Cross Blood Transfusion Service, and the National Institute of Public Health and the Environment. This prospective, birth cohort study includes children from both allergic and nonallergic parents. The genetic background of our cohort gave us the opportunity to study whether the parental history of allergic disease interacts with and child care attendance having siblings in the development of respiratory tract infections.
METHODS

Study Population
Recruitment of the cohort took place during the first trimester of pregnancy and was conducted by 52 midwife practices in 3 different regions in the Netherlands: north (Groningen and surroundings), central (Bilthoven and Wageningen and surroundings), and southwest (Rotterdam and surroundings). In total, 7862 pregnant women were asked to participate in the study, and 4146 (53%) agreed. The 4146 children have been followed from birth. In this cohort, 1327 have an allergic mother and are considered as high-risk children. The remaining 2819 children have a nonallergic mother and are considered low-risk children. The study includes an intervention part and a natural history part.
Some of the high-risk children (855) were allocated to the intervention part of the study. Half of those children received house dust mite impermeable mattress covers for the parental and infant bed (active group), and the other half received cotton mattress covers (placebo group). In the natural history part of the study (no intervention), 472 high-risk children (second control group to the intervention study) and 2819 low-risk children were included.
The participating children were born between May 1996 and December 1997. The definition of allergy in the mother was based on a validated screening questionnaire. 18 Women with any of the following self-reported symptoms were defined as allergic, and their children were defined as high risk: asthma, hay fever, house dust allergy, house dust mite allergy, or pet allergy. Women who reported not having any of these symptoms were defined as nonallergic (and their children were defined as low risk). The PIAMA study was approved by the local medical ethical committees.
Data Collection
Questionnaires were sent to the participating parents during the third trimester of pregnancy, when the child was 3 months of age, and when the child was 1 year of age. Information was collected on birth characteristics (duration of pregnancy, gender, birth weight, length and head circumference, season of birth), indoor environmental factors (smoking by the parents, having pets, housing characteristics), socioeconomic characteristics (parental education and employment status), lifestyle factors (method of feeding, child care), and demographic factors (siblings, parental age).
Outcome Variables
When the children were 1 year of age, parents were asked whether their child had a doctor-diagnosed flu/serious cold, throat infection, middle-ear infection, bronchitis, pneumonia, pertussis, or any other serious respiratory tract infections. On the basis of the information mentioned above, 3 outcome groups were created: We anticipated that many children would develop both a doctor-diagnosed URTI and LRTI in the first year of life, which might interfere with the calculation of the associations between these 2 outcomes and various risk factors. For this reason, we defined doctor-diagnosed URTI as the development of a doctor-diagnosed flu/serious cold, otitis, or throat infection without any other respiratory infections. Ideally, doctor-diagnosed LRTI should have been defined as doctor-diagnosed bronchitis or pneumonia without any other respiratory disease. Because a large majority of children with a LRTI also experienced a URTI or other serious infections, we decided to include all of the children with reported doctor-diagnosed bronchitis or pneumonia in the group with doctor-diagnosed LRTI.
Exposures of Interest
Child care attendance was divided into 3 groups: 1) children who did not attend any form of child care in the first year of life and did not have regular contact with children other than their siblings (no child care), 2) children who were cared for regularly by relatives or foster parents and have contact with small numbers of children other than their siblings (small child care groups with Ͻ5 children), and 3) children who attend large child care facilities (large child care, groups usually Ͼ10). The allergic disease status of the father was assessed by using the same validated questionnaire as was used for the mother. The allergic status of the siblings was assessed by using the ISAAC questionnaire. 19 
Statistical Analysis
Crude odds ratios, adjusted odds ratios (AOR), and 95% confidence intervals (CI) were estimated for the association between various risk factors and respiratory tract infections by using crosstabulation and logistic regression analysis (SPSS Version 8.0; SPSS, Inc, Chicago, IL). The healthy control group was used as the reference group in all analyses. The following 9 potential confounders were included in the model: type of study (intervention or natural history), maternal age, gender, season of birth, parental history of allergic disease, type of feeding, maternal smoking during pregnancy, maternal employment status, and level of education of the parents. On the basis of the parental history of allergic disease in combination with known risk factors for the development of respiratory infections (eg, child care attendance, having siblings), the infants were stratified into various subgroups. Interaction variables were constructed to test the joint impact of the parental history of allergic disease and exposure to other known risk factors on the development of respiratory infections. For instance, the 2 dummy variables of child care attendance were multiplied by the 3 dummy variables of parental history of allergic disease, resulting in an interaction term, which was entered into the logistic regression model.
RESULTS
Response
From the 4146 participants, 3745 (90%) completed a questionnaire when the child was 1 year of age. From the remaining 401 families, 112 dropped out before the child was 1 year of age for various reasons (perinatal death, moved, language barrier, not interested); 289 parents did not complete a 1-year questionnaire but are still participating in the study. Another group of 327 parents completed a 1-year questionnaire, but data were incomplete for 1 or more confounders. A complete data set with the outcome variables and confounders was available for 3418 participants (82%). Children with incomplete data were more likely (in comparison with children with complete data) to have an allergic mother (44% vs 29%), to have an asthmatic mother (12% vs 7%), to have a mother who smoked during the whole pregnancy (21% vs 14%), to be exposed to environmental tobacco smoke at 3 months (39% vs 27%), to live in an apartment (11% vs 6%), and to be bottle fed exclusively at 3 months of age (62% vs 52%). All other characteristics were similar in both groups. In this article, data used are from the 3418 children with complete data at 1 year of age.
General Characteristics
The general characteristics of the study population, stratified for allergic disease status of the parents, are shown in Table 1 . Children from allergic parents were slightly more likely to have been breastfed at 3 months of age and less likely to have been exposed to maternal smoking during the whole pregnancy as compared with children from nonallergic parents.
Incidence of Respiratory Infections
The cumulative incidences of URTI and LRTI in the first year of life are summarized in Table 2 . Medication was prescribed for 66% of the children with a flu/serious cold, for 77% of the children with a throat infection, and for 84% of the children with a middle-ear infection. Ninety-two percent of the children with bronchitis received medication, and hospitalization was needed for 4% of the children. All children with reported pneumonia received medication, and 43% were hospitalized. The majority of children (78%) who experienced doctor-diagnosed LRTI also had a doctor-diagnosed URTI in the first year of life.
Risk Factors for Doctor-Diagnosed URTI and LRTI
AOR for the association between contacts with other children, parental history of allergic disease, and URTI and LRTI are shown in Table 3 . Child care attendance increased the risk for doctor-diagnosed LRTI and, to a lesser extent, for doctor-diagnosed URTI. Furthermore, the size of the child care group was positively related directly to the incidence of respiratory tract infections. Having 1 or more siblings (all siblings are older than the study subject) was a strong risk factor for doctor-diagnosed LRTI and was only weakly related to doctor-diagnosed URTI. Having an allergic father and having 2 allergic parents was weakly associated with the development of doctor-diagnosed LRTI but was not associated with doctor-diagnosed URTI.
In a multivariate analysis, maternal age, season of birth, type of feeding, and low level of education were associated with doctor-diagnosed URTI. Male gender, maternal age, and type of feeding all were risk factors for doctor-diagnosed LRTI (Table 3) . Figures 1 and 2 show the AOR for the association between contact with other children (child care at- General tendance and having siblings) and doctor-diagnosed LRTI, stratified for parental history of allergic disease. The OR for doctor-diagnosed LRTI gradually increase when the children attend small or large child care centers (Fig 1) . When the child does not attend any form of child care, parental allergy does not influence the risk for doctor-diagnosed LRTI; but when the child attends small or large child care facilities, the risk of developing an LRTI is markedly influenced by the parental allergic status. For instance, a child who attends small child care and has 2 allergic parents has a 3.2-fold increased risk of developing an LRTI as compared with the reference group (no child care, no allergic parents), whereas a child who attends small child care and has no allergic parents only has a 1.4-fold increased risk of developing an LRTI as compared with the reference group. A similar pattern is seen for increasing number of allergic parents and having siblings in relation to doctor-diagnosed LRTI (Fig 2) . When interaction variables were entered in the logistic regression model for doctor-diagnosed LRTI, statistically significant interaction was found for "father allergic ϫ small child care" (P ϭ .02) and "father allergic ϫ large child care" (P ϭ .04) and "both parents allergic ϫ small child care" (P ϭ .05). The interaction term "both parents allergic ϫ having siblings" was bor- * Adjusted for type of study, employment of the mother, and the other risk factors, eg, results for siblings are adjusted for child care attendance, parental history of allergic disease, maternal smoking during pregnancy, gender, maternal age, season of birth, type of feeding, level of parental education. † OR adjusted like above* and also adjusted for birth weight and duration of pregnancy.
Relation Between Contacts With Other Children and Respiratory Tract Infections
derline statistically significant (P ϭ .06). When the interaction variables were entered in the logistic regression model for doctor-diagnosed URTI, no significant associations were found (data not shown).
DISCUSSION
In this prospective birth cohort study, we found that in allergy-prone children, child care attendance and having siblings increase the risk of developing a doctor-diagnosed LRTI in infancy as compared with children without predisposition for allergy. This increased risk is higher than can be explained by the independent effect of the individual risk factors, which is suggestive for interaction.
Validation Issues
The parental reporting of respiratory tract infections could be related to child care, having siblings, or the allergic status of the parents, resulting in reporting bias. In our study, parents also reported on cough, runny nose, earache, fever, and doctor visits for these symptoms in the month before completing the 12-month questionnaire. We found that for these respiratory symptoms in the month before completion of the questionnaire, type of child care, having siblings, and allergic status of the parents were not related to doctor visits for these symptoms (data not shown). Therefore, it is unlikely that our results can be explained by reporting bias, although we have no data on potential reporting bias for lower respiratory symptoms. Symptoms of asthma or asthma-like disease could have been labeled inappropriately as LRTI, because in this age group, a distinction between these diseases is impossible. However, for reporting bias to explain the interaction that we found, it would have to operate selectively in allergic parents whose child goes to child care and/or has an older sibling, as in children without older siblings or child care, parental allergy had little influence on LRTI reporting. This seems unlikely.
Cumulative Incidence of Respiratory Tract Infections
We found a similar cumulative incidence of doctor-diagnosed LRTI as in a Norwegian Study that used the same criteria to define LRTI 14 but a lower incidence as described in studies that used the term "lower respiratory illness." 1, 7 The latter definition also includes various forms of wheezing illness and probably reflects a less severe outcome. 14 The cumulative 1-year incidence of otitis media in our study (18%) is comparable with some studies 20, 21 but low compared with other studies that found a cumulative incidence of more than 60%. 9, 15 In the latter studies, the diagnosis was made by regular inspection of the tympanum, probably incorporating asymptomatic otitis media in the definition and therefore reflecting a less severe outcome.
Child Care Attendance, Having Siblings, and Parental History of Allergic Disease in Relation to Respiratory Tract Infections
There is little doubt that child care attendance is associated with an increased incidence of URTI and LRTI [3] [4] [5] 9, [22] [23] [24] and probably reflects an increased exposure to microorganisms. For instance, Celedon et al 3 reported in a high-risk population (at least 1 parent was allergic) an OR of 1.6 (95% CI: 1.0 -2.4) for LRTI at age 1 in children who attended some form of child care. In the same study, child care in large groups was associated with a much higher risk of developing a LRTI as compared with child care in small groups. In a study by Marbury et al, 4 child care attendance was associated with the development of lower respiratory tract illness in the first year of life (OR: 2.0; 95% CI: 1.7-2.3). Also in their study, the risk of developing a lower respiratory tract illness increased with increasing group size. Our finding that having older siblings is related to doctor-diagnosed LRTI is in agreement with various other studies. 3, 6, 13 Few data are available about the relationship between parental history of allergic disease and respiratory infections in their children. Our finding that having 2 allergic parents was associated with an increased risk of developing doctor-diagnosed LRTI (Table 3 ) is in agreement with the findings of 2 other studies. Leeder et al 6 reported a higher incidence of bronchitis and pneumonia in children from asthmatic or wheezing parents than in children from symptom-free parents. Ponsonby et al 13 found that having a family member with asthma was an independent predictor of developing a LRTI in the first year of life.
Interaction Between Parental History of Allergic Disease and Contacts With Other Children
To our knowledge, this is the first publication in which interaction between the parental history of allergic disease and contacts with other children (child care attendance and having siblings) for the development of respiratory infections in infancy is reported. Our results suggest that the combination of having allergic parents and high exposure to microorganisms increases the risk of developing a doctordiagnosed LRTI to a greater extent than can be expected from the independent effect of the individual risk factors. A possible explanation is that children from allergic parents have airways that are, for an unknown reason, more vulnerable to infections than airways of children from nonallergic parents. If children are not exposed to a high load of microorganisms (eg, in the case of a single child, when the child is cared for at home), then this increased vulnerability may not lead to serious infections. In contrast, if the infection load is higher (having siblings or, to a higher extent, attending child care), then the increased vulnerability as a result of genetic predisposition leads to an excessive increase in doctor-diagnosed LRTI. It is interesting that the interaction effect was greatest for children with an allergic father compared with children with an allergic mother or children with 2 allergic parents.
What are the implications of our findings for the prevention of LRTI in infancy? Obviously, decreasing contacts with siblings is mostly not desirable, but high exposure to microorganisms in child care facilities potentially can be avoided. It remains to be seen whether avoiding contact with other children in early life is beneficial in the long run. Two recent studies found an inverse relationship between child care attendance or having siblings in early life and the development of asthma and allergy in later childhood. 25, 26 The authors speculated that infections in early life stimulate the infant's immune response to shift from a predominantly type 2 helper T-cell-(which is associated with the allergic phenotype) toward a type 1 helper T-cell-dominated response. So if in allergy-prone children child care attendance or having siblings increased the risk of LRTI (as was documented in the PIAMA study) and child care and having siblings in early life protect against asthma and allergy in later childhood, 25 then an interesting question will be, "Do children from allergic parents benefit more from child care attendance and having older siblings than children from nonallergic parents, with respect to the later development of asthma?" Follow-up of our cohort might give more insight on this topic.
CONCLUSION
We found that child care attendance and having siblings increases the risk of developing doctor-diagnosed LRTI in the first year of life to a greater extent in allergy-prone children than in children who are not allergy prone. The relevance of this finding for future risk of allergic disease requires long-term follow-up.
